In this short note we evaluate some limits of sequences related to the Euler Mascheroni γ constant
Introduction
We study some sequences (x n ) with general term x n = a n − b n (1) where the sequences (a n ) and (b n ) are positively divergent and equivalent, i.e.:
lim n→∞ a n = lim n→∞ b n = +∞, lim n→∞ a n b n = 1.
There are, see [3] Theorem 1 therein, conditions which enable the computation of the limit lim
such conditions are related to the growth of the sequence (b n ) and the ratio a n /b n , namely if there exist positive numbers p, q such that
This result is useful in order to compute the limit of the famous Lalescu sequence Observe that the most intriguing and famous sequence of the form (1) is the sequence which give the γ constant, see [1] for a exhaustive treatment of this important mathematical constant,
but for this kind of sequence the Toader's Theorem, [3] , is useless due to the presence of the logarithm. When we are in presence of sequences of logarithmic growth, the evaluation of the limit (2) is possibile using ad hoc techniques. In this note we use some series summation formulae given in [2] to evaluate some limits of the form (2) in presence of sequences with logarithmic growth.
The limits
Here we evaluate five limits of sequences in the form (2) . All the sequences cannot be evaluated with the Toader's Theorem, but using five identities from [2] . 
Proof. To show (4) we start form identity (158) 
where γ is the Euler-Mascheroni constant defined in (3). Notice that, for n ∈ N, n > 2, we have
On the other side from (3) we also get
being o(1) a vanishing sequence as n → ∞. Substituting in (10) we find
Taking the limit for n → ∞ in (13), remembering (9) which implies that the left hand side of (13) vanishes we get formula (4). The proof for the remaining four limits (5), (6), (7) and (8) is similar. The relevant starting identities are, in order, equation 503 p. 314 of [2] :
formula (159) p. 281 of [2] :
formula 500 p. 314 di [2] :
and formula (545) p. 320 of [2] :
Conclusion
In this short note we presented the evaluation of five limits similar to the well known limit which leads to the well known Euler-Mascheroni γ constant. The presence of the logarithm indicates that in any occurrence a particular technique is needed: we employed five identities established in [2] . All the limit, are for the best of our knowledge, new.
